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IN THE CLAIMS 

Please amend the claims as follows: 

1. (Original) A method comprising: 
for each ear of a subject, 

turning off vestibular responses in one ear of the subject; 
evaluating vestibular response in the other ear of the subject; and 
analyzing the vestibular responses from each ear to characterize an asymmetry of an 
inner ear balance function. 

2. (Original) The method of claim 1, wherein turning off vestibular responses in one ear 
includes applying a stimulus having a first component directed to essentially completely inhibit 
activity in a semicircular canal of the one ear. 

3. (Currently Amended) Th e m e thod of claim 2 A method comprising: 
for each ear of a subject, 

turning off vestibular responses in one ear of the subject; 
evaluating vestibular response in the other ear of the subject; and 
analyzing the vestibular responses from each ear to characterize an asymmetry of an 
inner ear balance function, wherein turning off vestibular responses in one ear includes applying 
a stimulus having a first component directed to essentially completely inhibit activity in a 
semicircular canal of the one ear, wherein evaluating vestibular response in the other ear includes 
applying the stimulus having a second component directed to probing a canal function of the 
other ear. 

4. (Original) The method of claim 3, wherein applying the stimulus includes applying the 
stimulus to a device that rotates a seated subject about a vertical axis. 

5. (Original) The method of claim 3, wherein applying the stimulus includes applying the 
stimulus to a clinical rotation chair. 
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6.-102. (Cancelled) 

103. (Currently Amended) Th e method of claim 1 A method comprising: 
for each ear of a subject, 

turning off vestibular responses in one ear of the subject; 

evaluating vestibular response in the other ear of the subject; and 

analyzing the vestibular responses from each ear to characterize an asymmetry of an 
inner ear balance function, wherein the method includes: 

applying a stimulus to control motion of a device that rotates the subject about an axis, 
the stimulus having a bias component to control the motion of the device to temporarily turn off 
vestibular responses in the one ear of the subject and having a probe component to modulate the 
bias component while the vestibular responses in the one ear are turned off to evaluate 
responsiveness in the another ear of the subject. 

1 04. (Previously Presented) The method of claim 1 03, wherein the method further includes 
applying the stimulus in a substantially completely dark room. 

105. (Previously Presented) The method of claim 103, wherein the method further includes 
applying the stimulus in a substantially dark room having an illuminated visual target. 

106. (Previously Presented) The method of claim 103, wherein applying a stimulus includes 
applying the stimulus with the probe component having a frequency higher than that of the bias 
component and an amplitude lower than that of the bias component 

107. (Previously Presented) The method of claim 103, wherein applying a stimulus includes 
applying the stimulus with the bias component of the stimulus including a sinusoidal waveform 
and the probe component of the stimulus including a sinusoidal waveform. 

108. (Previously Presented) The method of claim 107, wherein applying the stimulus includes 
applying the stimulus with the bias component having a frequency less than or equal to 0. 1 Hz 
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and the probe component having a frequency of about 1 Hz. 

109. (Previously Presented) The method of claim 107, wherein applying the stimulus 
includes applying the stimulus with the bias component having an amplitude between about 150° 
per second peak velocity and about 250° per second peak velocity, and the probe component has 
an amplitude between about 10° per second peak velocity and about 20° per second peak 
velocity. 

110. (Currently Amended) The method of claim 103, wherein applying a stimulus includes 
applying the stimulus with the bias component of the stimulus including [[a]] an acceleration 
pulse waveform and [[a]] an acceleration step waveform and the probe component of the 
stimulus including a sinusoidal waveform. 

111. (Previously Presented) The method of claim 1 1 0, wherein applying the stimulus includes 
applying the stimulus with the probe component of the stimulus added to the acceleration step 
waveform of the bias component. 

112. (Currently Amended) The method of claim 1 1 0, wherein applying the stimulus includes 
applying the stimulus with the bias component of the stimulus including [[an]] the acceleration 
pulse waveform ef having a first duration and [[a]] the acceleration step waveform ef having a 
second duration, the second duration longer than the first duration. 

113. (Previously Presented) The method of claim 1 12, wherein applying the stimulus includes 
applying the stimulus with the bias component of the stimulus including the acceleration pulse 
waveform having about a 400Ys 2 amplitude lasting about 1 second and the acceleration step 
waveform having about a 307s 2 amplitude lasting about 4 seconds. 

1 14. (Currently Amended) The method of claim 113, wherein applying the stimulus includes 
applying the stimulus with the probe component of the stimulus including [[a]] the sinusoidal 
waveform having a frequency of about 1 Hz and an amplitude of about 207s peak velocity added 
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to the acceleration step waveform of the bias component. 

115. (Previously Presented) The method of claim 103, wherein the method further includes : 
isolating bias responses to the bias component of the stimulus from probe responses to 

the probe component of the stimulus; and 

analyzing separately the bias responses and the probe responses. 

1 1 6. (Previously Presented) The method of claim 115, wherein isolating bias responses from 
probe responses includes measuring eye movements resulting from applying the stimulus to 
control motion of the device. 

117. (Previously Presented) The method of claim 1 03 includes: 

computing eye velocity from eye position data from the subject as a result of applying the 
stimulus; 

isolating a bias response to the bias component of the stimulus, the bias response isolated 
from a probe response to the probe component of the stimulus; and 

analyzing separately the bias response and the probe response. 

118. (Previously Presented) The method of claim 117, wherein the method further includes 
obtaining a slow-phase eye velocity; 

bandpass filtering the slow-phase eye velocity to isolate the probe response providing a 
bandpass slow-phase eye velocity; and 

parameterizing the probe response. 

119. (Previously Presented) The method of claim 118, wherein the method further includes 
averaging the bandpass slow-phase eye velocity over a number of cycles of the bias component 
and parameterizing the averaged bandpass slow-phase eye velocity. 

1 20. (Previously Presented) The method of claim 1 1 9, wherein parameterizing the averaged 
bandpass slow-phase eye velocity includes using a curve fit of the averaged bandpass slow-phase 
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eye velocity, [6 bp J , the curve fit related to a probe frequency, w p , and a bias frequency, a>b, and 

having a probe component eye velocity amplitude, A p , a probe component phase, cp p , a phase of 
the modulation waveform, q> b , and a modulation factor, m, that varies from 0 to 1, as fit 
parameters. 

121. (Previously Presented) The method of claim 120, wherein using a curve fit includes 
using the curve fit according to the relation 

0 bp ^j = A p {\. + mcos{co b t + <p b ))cos(a> p t + <p p )- 

122. (Previously Presented) The method of claim 118, wherein bandpass filtering the slow- 
phase eye velocity includes filtering the slow-phase eye velocity using a bandpass filter of about 
0.5 Hz to about 5 Hz. 

123. (Previously Presented) The method of claim 119, wherein the bandpass slow-phase eye 
velocity is averaged over five 0.1 Hz cycles. 

124. (Currently Amended) The method of claim 1 17, wherein the method further includes 
obtaining a slow-phase eye velocity and a stimulus velocity; 

low-pass filtering the slow-phase eye velocity to remove the probe respons e component 
providing a low-pass slow-phase eye velocity; 

low-pass filtering the stimulus velocity to remove the probe component providing a low- 
pass bias stimulus velocity; and 

obtaining an input-output function correlated to the low-pass slow-phase eye velocity 
[[vs]] versus the isolated bias component low-pass stimulus velocity . 

125. (Currently Amended) The method of claim 124, wherein the method further includes 
averaging the low-pass slow-phase eye velocity and the low-pass bias stimulus velocity over a 
number of cycles of the bias component. 
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126. (Currently Amended) The method of claim 1 25, wherein obtaining an input-output 
function includes: 

estimating a phase for the averaged isolat e d bias compon e nt low-pass stimulus velocity 
and a phase for the averaged low-pass slow-phase eye velocity at a frequency of the bias 
component; and 

time shifting the averaged isolat e d bias compon e nt low-pass stimulus velocity and the 
averaged low-pass slow-phase eye velocity such that the two are aligned with a 180° phase shift 
between them, after estimating the phase for the averaged isolat e d bias component low-pass 
stimulus velocity and the phase for the averaged low-pass slow-phase eye velocity. 

127. (Currently Amended) The method of claim 126, wherein the method further includes 
determining a curve fit to the averaged low-pass slow-phase eye velocity, (o' lp ^ , related to the 

averaged low-pass bias stimulus velocity, , the curve fit having fit parameters K related to 
gain behavior of the input-output function and related to a saturation behavior of the input- 
output function. 

128. (Previously Presented) The method of claim 126, wherein determining a curve fit 
includes determining the curve fit according to the relation 




129. (Previously Presented) The method of claim 124, wherein low-pass filtering the slow- 
phase eye velocity includes filtering the slow-phase eye velocity using a low-pass filter having 
about a 0.5 Hz cutoff. 

130. (Previously Presented) The method of claim 124, wherein the low-pass slow-phase eye 
velocity is averaged over five 0. 1 Hz cycles. 



131. (Previously Presented) The method of claim 124, wherein the method further includes 
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determining deviations of the input-output function from a straight line. 

132. (Previously Presented) A computer-readable medium having computer-executable 
instructions for performing a method comprising: 

for each ear of a subject, 

turning off vestibular responses in one ear of the subject; 
evaluating vestibular response in the other ear of the subject; and 
analyzing the vestibular responses from each ear to characterize an asymmetry of an 
inner ear balance function. 

133. (Currently Amended) Th e computer readable m e dium of claim 132 A computer-readable 
medium having computer-executable instructions for performing a method comprising: 

for each ear of a subject, 

turning off vestibular responses in one ear of the subject: 

evaluating vestibular response in the other ear of the subject; and 

analyzing the vestibular responses from each ear to characterize an asymmetry of an 
inner ear balance function , wherein the computer-readable medium has computer-executable 
instructions for performing a method comprising: 

applying a stimulus to control motion of a device that rotates the subject about an axis, 
the stimulus having a bias component to control the motion of the device to temporarily turn off 
vestibular responses in one ear of the subject and having a probe component to modulate the bias 
component while the vestibular responses in the one ear are turned off to evaluate responsiveness 
in another ear of the subject. 

134. (Previously Presented) The computer-readable medium of claim 133, wherein applying a 
stimulus includes applying the stimulus with the probe component having a frequency higher 
than that of the bias component and an amplitude lower than that of the bias component 

135. (Previously Presented) The computer-readable medium of claim 133, wherein applying a 
stimulus includes applying the stimulus with the bias component of the stimulus including a 



AMENDMENT AND RESPONSE UNDER 37 CFR §1.111 

Serial Number: 10/762,211 
Filing Date: January 21, 2004 

Title: BIAS-PROBE ROTATION TEST OF VESTIBULAR FUNCTION 



Page 14 

Dkt: 1661.001US1 



sinusoidal waveform and the probe component of the stimulus including a sinusoidal waveform. 

136. (Previously Presented) The computer-readable medium of claim 135, wherein applying 
the stimulus includes applying the stimulus with the bias component having a frequency less than 
or equal to 0.1 Hz and the probe component having a frequency of about 1 Hz. 

137. (Currently Amended) The computer-readable medium of claim 133, wherein applying a 
stimulus includes applying the stimulus with the bias component of the stimulus including [[a]] 
an acceleration pulse waveform and [[a]] an acceleration step waveform and the probe 
component of the stimulus including a sinusoidal waveform. 

138. (Previously Presented) The computer-readable medium of claim 137, wherein applying 
the stimulus includes applying the stimulus with the probe component of the stimulus added to 
the acceleration step waveform of the bias component. 

139. (Currently Amended) The computer-readable medium of claim 137, wherein applying 
the stimulus includes applying the stimulus with the bias component of the stimulus including 
[[an]] the acceleration pulse waveform ef having a first duration and [[a]] the acceleration step 
waveform ef having a second duration, the second duration longer than the first duration. 

140. (Currently Amended) The computer-readable medium of claim 133, wherein the 
computer-executable instructions for performing the method further includ e s include : 

isolating bias responses to the bias component of the stimulus from probe responses to 
the probe component of the stimulus; and 

analyzing separately the bias responses and the probe responses. 

141 . (Previously Presented) The computer-readable medium of claim 140, wherein isolating 
bias responses from probe responses includes measuring eye movements resulting from applying 
the stimulus to control motion of the device. 
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142. (Previously Presented) The computer-readable medium of claim 133, wherein the 
computer-readable medium has computer-executable instructions for performing a method 
comprising: 

obtaining eye velocity generated from eye position data from the subject as a result of 
applying the stimulus; 

isolating a bias response to the bias component of the stimulus, the bias response isolated 
from a probe response to the probe component of the stimulus; and 

analyzing separately the bias response and the probe response. 

143. (Currently Amended) The computer-readable medium of claim 142, wherein the 
computer-executable instructions for performing the method further includes include 
parameterizing a bandpass slow-phase eye velocity generated from isolating the probe response 
with respect to an acquired [[a]] slow-phase eye velocity by bandpass filtering the slow-phase 
eye velocity. 

144. (Previously Presented) The computer-readable medium of claim 143, wherein 
parameterizing a bandpass slow-phase eye velocity includes parameterizing an averaged 
bandpass slow-phase eye velocity obtained from averaging the bandpass slow-phase eye velocity 
over a number of cycles of the bias component. 

145. (Previously Presented) The computer-readable medium of claim 144, wherein 
parameterizing the averaged bandpass slow-phase eye velocity includes using a curve fit of the 

averaged bandpass slow-phase eye velocity, (d bp ^ , the curve fit related to a probe frequency, w p , 

and a bias frequency, w D , and having a probe component eye velocity amplitude, A p , a probe 
component phase, cp p , a phase of the modulation waveform, (p b) and a modulation factor, m, that 
varies from 0 to 1, as fit parameters. 

146. (Previously Presented) The computer-readable medium of claim 145, wherein using a 
curve fit includes using the curve fit according to the relation 
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A P ) = A P 0 + m cos(<V + 9b )) cos {apt + <P P ) ■ 



147. (Currently Amended) The computer-readable medium of claim 142, wherein the 
computer-executable instructions for performing the method further includ e s include obtaining 
an input-output function correlated to a low-pass slow-phase eye velocity [[vs]] versus an 
isolat e d bias component a low-pass stimulus velocity, the low-pass slow-phase eye velocity 
generated from low-pass filtering a slow-phase eye velocity, the low-pass bias stimulus velocity 
generated from low-pass filtering a stimulus velocity of the stimulus. 

148. (Currently Amended) The computer-readable medium of claim 147, wherein the input- 
output function is correlated to an averaged low-pass slow-phase eye velocity and an averaged 
low-pass bias stimulus velocity, the averaged low-pass slow-phase eye velocity and the 
averaged low-pass bias stimulus velocity obtained by averaging the low-pass slow-phase eye 
velocity and the low-pass bias stimulus velocity over a number of cycles of the bias component. 

149. (Currently Amended) The computer-readable medium of claim 148, wherein the 
computer-executable instructions for performing the method further includes include : 

estimating a phase for the averaged low-pass bias stimulus velocity and a phase for the 
averaged low-pass slow-phase eye velocity at a frequency of the bias component; and 

time shifting the averaged low-pass bias stimulus velocity and the averaged low-pass 
slow-phase eye velocity such that the two are aligned with a 180° phase shift between them, after 
estimating the phase for the averaged i s olat e d bias compon e nt low-pass stimulus velocity and the 
phase for the averaged low-pass slow-phase eye velocity. 

150. (Currently Amended) The computer-readable medium of claim 149, wherein the 
computer-executable instructions for performing the method further includ e s include , after time 
shifting the averaged low-pass bias stimulus velocity and the averaged low-pass slow-phase eye 

velocity, determining a curve fit to the averaged low-pass slow-phase eye velocity, (o' lp ^ , related 
to the averaged low-pass bias stimulus velocity, (<»' lp ) , the curve fit having fit parameters K 
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related to gain behavior of the input-output function and /3 related to a saturation behavior of the 
input-output function. 



151. (Previously Presented) The computer-readable medium of claim 150, wherein 
determining a curve fit includes determining the curve fit according to the relation 




152. (Currently Amended) The computer-readable medium of claim 147, wherein the 
computer-executable instructions for performing the method further includ e s include 
determining deviations of the input-output function from a straight line. 

153. (New) The method of claim 103, wherein applying a stimulus includes applying a pulse- 
step- sine stimulus and collecting average slow-phase eye velocity data. 

154. (New) The method of claim 153, wherein the method includes generating a comparison 
of a difference in response gain for rotations that evoke leftward eye movements versus rotations 
that evoke rightward eye movements. 



155. (New) The method of claim 154, wherein generating the comparison includes generating 
a step asymmetry parameter based on an average stimulus velocity (A S l) during a leftward- 
moving step portion of the pulse-step-sine stimulus, an average stimulus velocity (Asr) during a 
rightward-moving step portion of the pulse-step-sine stimulus, an average vestibulo-ocular reflex 
(VOR) slow-phase eye velocity (A RL ) during the leftward-moving step portion of the pulse-step- 
sine stimulus, and an average VOR slow phase eye velocity (Arr) during the rightward-moving 
step portion of the pulse- step-sine stimulus. 



156. (New) The method of claim 155, wherein generating a step asymmetry parameter 
includes generating the step asymmetry parameter correlated to 

((Arl / A SL ) - (Arr / A SR )) / ((Arl / A SL ) + (Arr / Asr)). 
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157. (New) The method of claim 153, wherein the method includes generating a measure 
related to a vestibulo-ocular reflex (VOR) time constant. 

158. (New) The method of claim 157, wherein generating the measure includes generating a 
mean response slope parameter related to a rate-of-change (Srr) of slow-phase eye velocity 
measured during a rightward-moving step portion of the pulse-step-sine stimulus and a rate-of- 
change (Srl) of slow-phase eye velocity measured during a leftward-moving step portion of the 
pulse-step-sine stimulus and correlated to (Srr - Srl)/2. 

159. (New) The method of claim 153, wherein the method includes generating a comparison 
of a difference in vestibulo-ocular reflex (VOR) probe-component gains for rotations that evoke 
leftward eye movements versus rotations that evoke rightward eye movements. 

1 60. (New) The method of claim 1 59, wherein the method includes generating two VOR gain 
measures related to a peak slow-phase eye velocity (Rl) of a response to the sine component of 
the pulse-step-sine stimulus during a portion of the pulse-step-sine stimulus when the step 
component is leftward-moving, a peak slow phase eye velocity (Rr) of the response to the sine 
component of the pulse-step-sine stimulus during a portion of the pulse-step-sine stimulus when 
the step component is rightward-moving, a peak amplitude (Sl) of the sine component of the 
pulse-step-sine stimulus during the portion of the pulse-step-sine stimulus when the step 
component is leftward-moving, and a peak amplitude (Sr) of the sine component of the pulse- 
step-sine stimulus during the portion of the pulse-step-sine stimulus when the step component is 
rightward-moving, according to the relations 

VOR l = Rl/S l 
VORr = R r /Sr. 

161. (New) The method of claim 160, wherein the method includes generating a sine 
component gain asymmetry parameter correlated to the relation 

(VOR L - VORr) / (VOR L + VORr). 
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162. (New) The computer-readable medium of claim 133, wherein applying a stimulus 
includes applying a pulse-step-sine stimulus and collecting average slow-phase eye velocity data. 

163. (New) The computer-readable medium of claim 162, wherein the computer-executable 
instructions for performing the method include generating a comparison of a difference in 
response gain for rotations that evoke leftward eye movements versus rotations that evoke 
rightward eye movements. 

164. (New) The computer-readable medium of claim 163, wherein generating the comparison 
includes generating a step asymmetry parameter based on an average stimulus velocity (A S l) 
during a leftward-moving step portion of the pulse-step-sine stimulus, an average stimulus 
velocity (A S r) during a rightward-moving step portion of the pulse-step-sine stimulus, an 
average vestibulo-ocular reflex (VOR) slow-phase eye velocity (Arl) during the leftward- 
moving step portion of the pulse-step-sine stimulus, and an average VOR slow phase eye 
velocity (Arr) during the rightward-moving step portion of the pulse-step-sine stimulus. 

165. (New) The computer-readable medium of claim 164, wherein generating a step 
asymmetry parameter includes generating the step asymmetry parameter correlated to 

((Arl / Asl) - (Arr / A SR )) / ((Arl / A SL ) + (Arr / A SR )). 

166. (New) The computer-readable medium of claim 162, wherein the computer-executable 
instructions for performing the method include generating a measure related to a vestibulo-ocular 
reflex (VOR) time constant. 

1 67. (New) The computer-readable medium of claim 1 66, wherein generating the measure 
includes generating a mean response slope parameter related to a rate-of-change (Srr) of slow- 
phase eye velocity measured during a rightward-moving step portion of the pulse-step-sine 
stimulus and a rate-of-change (S RL ) of slow-phase eye velocity measured during a leftward- 
moving step portion of the pulse-step-sine stimulus and correlated to (Srr - S RL )/2. 
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168. (New) The computer-readable medium of claim 162, wherein the computer-executable 
instructions for performing the method include generating a comparison of a difference in 
vestibulo-ocular reflex (VOR) probe-component gains for rotations that evoke leftward eye 
movements versus rotations that evoke rightward eye movements. 

1 69. (New) The computer-readable medium of claim 1 68, wherein the computer-executable 
instructions for performing the method include generating two VOR gain measures related to a 
peak slow-phase eye velocity (R L ) of a response to the sine component of the pulse-step-sine 
stimulus during a portion of the pulse-step-sine stimulus when the step component is leftward- 
moving, a peak slow phase eye velocity (R R ) of the response to the sine component of the pulse- 
step-sine stimulus during a portion of the pulse-step-sine stimulus when the step component is 
rightward-moving, a peak amplitude (Sl) of the sine component of the pulse-step-sine stimulus 
during the portion of the pulse-step-sine stimulus when the step component is leftward-moving, 
and a peak amplitude (S R ) of the sine component of the pulse-step-sine stimulus during the 
portion of the pulse-step-sine stimulus when the step component is rightward-moving, according 
to the relations 

VOR l = Rl/S l 
VOR r = R r /Sr. 

170. (New) The computer-readable medium of claim 169, wherein the computer-executable 
instructions for performing the method include generating a sine component gain asymmetry 
parameter correlated to the relation 

(VOR L - VORr) / (VOR L + VORr). 



